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The purpose of the present study was to evaluate the safety and efﬁcacy associated with mandibular
advancement by intraoral vertical ramus osteotomy (IVRO) with endoscopically assisted intraoral rigid or
semi-rigid internal ﬁxation.
The study sample included all patients who had undergone an mandibular advancement by IVRO
procedure with endoscopically assisted intraoral plate ﬁxation from September 2008 to May 2012. An
mandibular advancement by IVRO with endoscopically assisted intraoral rigid or semi-rigid internal
ﬁxation was used for mandibular advancement. The patients were analyzed prospectively, with more
than 2 years of follow-up, and were evaluated in terms of functional results, postoperative complications,
and skeletal stability.
A total of 14 patients (bilateral, 7 patients with class II; unilateral, 7 patients with asymmetry) were
included in the present study. The average degree of mandibular advancement was 5.5 ± 1.9 mm (range,
3e9 mm). Both the occlusal relationship and facial appearance in all patients were signiﬁcantly improved
by the surgical-orthodontic treatment, with no major harmful clinical symptoms. In addition, one-screw
semi-rigid ﬁxation could control postoperative passive condylar seating.
This study showed that mandibular advancement by IVRO with endoscopically assisted, intraoral
semi-rigid internal ﬁxation offers a promising treatment alternative for patients with skeletal class II
malocclusion or facial asymmetry.
© 2015. The Authors. Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-
Facial Surgery. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
In recent years, endoscopic assistance has been used to resolve
surgical technical problems via an intraoral method. We reported
successful mandibular advancement by intraoral vertical ramus
osteotomy (IVRO) with endoscopically assisted intraoral ﬁxation of
an L-shaped compact lock plate and good positioning of the condyle
to treat patients who had skeletal class II malocclusion (Hara et al.,
2013). However, further investigation of the postoperative clinical
evaluation provided by this technique is needed before it is possible
to fully endorse its widespread use. We have continued to research
the long-term clinical outcomes of this technique.: þ81 88 837 6766.
a).
Ltd on behalf of European Associat
by-nc-nd/4.0/).The purpose of the present study was to evaluate the utility of
this method and to describe the procedures for mandibular
advancement by IVRO with endoscopically assisted intraoral rigid
or semi-rigid internal ﬁxation. We conducted a prospective clinical
study evaluating clinical results in terms of the safety, efﬁcacy, and
morbidity associated with surgical treatment of patients with
skeletal class II malocclusions or facial asymmetry.2. Material and methods
2.1. Patients
To address our research purposes, we designed and imple-
mented a prospective clinical study. The study population included
all patients with Class II malocclusion or facial asymmetry who hadion for Cranio-Maxillo-Facial Surgery. This is an open access article under the CC BY-
S. Hara et al. / Journal of Cranio-Maxillo-Facial Surgery 43 (2015) 2012e2016 2013undergone mandibular advancement by IVRO with endoscopically
assisted intraoral rigid or semi-rigid internal ﬁxation at the
Department of Oral and Maxillofacial Surgery at Kochi Health Sci-
ences Center between September 1, 2008, and May 31, 2012. To be
included in the study sample, patients had to have undergone
mandibular advancement by IVRO. Patients were excluded as study
subjects if they had undergone bilateral sagittal split ramus
osteotomies (SSROs). The choice of surgery was always left to the
patient after close consultations based on our clinical assessment.
All of the patients were also provided with treatment options that
involved alternative orthognathic surgery. Every patient under-
went a standard surgical assessment, dental model surgery, three-
dimensional computed tomography-based virtual surgical simula-
tion (SimPlant OMS, Materialise, Leuven, Belgium), and prediction
tracing. This study was approved by the Kochi Health Sciences
Center Institutional Review Board, and all participants signed an
informed consent agreement.
2.2. Surgical method
Our surgical method for mandibular advancement by IVRO is as
follows. First, we drill the proximal segment to achieve ﬁxation
with a compact lock plate under endoscopic assistance using right-
angled burrs. The osteotomy line should be made so that the
proximal segment is wider than usual around the angle to avoid the
drilling site. Before achieving complete bone separation, single-
screw plate ﬁxation is performed on the proximal segment using
right-angled screwdrivers. Next we complete the bone separation
into the distal and proximal segments, and then place the distal
segment into the desired occlusal position while ﬁtting it to the
surgical splint using up/down elastics. After conﬁrming that the
correct temporomandibular joint (TMJ) seating has been obtained,
we keep the distal segment up using a Bauer retractor inserted into
the angle, and then ﬁx the compact lock plate onto the distal
segment with locking screws (Hara et al., 2013) (Video 1). After
releasing the maxillomandibular ﬁxation, we carefully check the
movement of the mandible and the position of the condyle by the
use of intraoperative X-ray images (lefteright (LR), posteri-
oreanterior (PA)).
Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.jcms.2015.09.012.
With regard to plate ﬁxation, in cases requiring a large amount
of mandibular advancement, multiple screw ﬁxations at both the
distal and proximal segments are performed (Fig. 1A). In cases withFig. 1. Variations in plate ﬁxation. (A) Large amount of mandibular advancement. (B) Verti
proximal segments.a vertical gap between the distal and proximal segments, one-
screw ﬁxation at the proximal segment is performed (Fig. 1B). In
cases with a horizontal gap between the distal and proximal seg-
ments, one-screw ﬁxation at the distal segment is performed
(Fig. 1C). In all cases, the same postoperative physiotherapy is car-
ried out as recommended for general IVRO, namely, neuromuscular
occlusal rehabilitation using loose training elastics, as originally
advocated by Bell et al. (Bell et al., 1983).
2.3. Postoperative examination
Patients were seen at 1 and 2weeks, at 1, 3, and 6months, and at
1 and 2 years postoperatively for regular examinations, and clinical
outcomes were evaluated using X-ray images. The indices of the
clinical outcomes were as follows: malocclusion, progressive
condylar resorption, temporomandibular joint (TMJ) dysfunction
(including condylar depositioning), trismus, nerve injury, infection,
screw/plate breakage or loosening, and need for reoperation.
2.4. Three-dimensional computed tomography protocol
Computed tomography (CT) was performed using SOMTOM
Deﬁnition (Siemens, Munich, Germany), under conditions of
120 kv, 280 mA (Effective.mAs). For the three-dimensional (3D)
image analysis system, the 3D composition image data of 0.75 mm
(0.4-mm intervals) from Synapse Vincent 3.0 (Fuji Film, Tokyo,
Japan) were used.
3. Results
Fourteen patients with Class II malocclusion or facial asymmetry
(four male and ten female patients, average age 26.9 years; bilat-
eral, 7 patients with class II; unilateral, 7 patients with asymmetry)
were included in the present study. There were no major intra- or
postoperative complications such as condylar luxation, bleeding,
undesirable fracture of the mandibular bone, surgical morbidity, or
avascular necrosis in any of the patients during the hospitalization.
The average intraoperative total bleeding volume was 105 ± 76 mL,
and the average total duration of the operation was 3 h and
39min ± 0 h and 47min. Correction of the occlusal relationship and
the facial appearancewas achieved in all cases. The average amount
of mandibular advancement obtained with the postoperative po-
sition was 5.5 ± 1.9 mm (range, 3.0e9.0 mm). Eight patients un-
derwent an additional LeFort I osteotomy (patients 4, 6, 8, andcal gap between distal and proximal segments. (C) Horizontal gap between distal and
Table 1
Patient characteristics.
Patient no. Age (y) Sex Diagnosis Osteotomy Mandibular advancement (mm)
1 30 Female Class II Adv. IVROs þ genioplasty Right: 5; left: 5
2 17 Female Class II Adv. IVROs Right: 7; left: 7
3 26 Female Class II þ open bite Adv. IVROs Right: 6; left: 7
4 55 Female Class II LeFort I þ adv. IVROs þ genioplasty Right: 8; left: 9
5 18 Female Asymmetry MC þ adv. IVRO þ IVRO Right: 7; left: 12a
6 28 Female Asymmetry LeFort I þ adv. IVRO þ IVRO þ genioplasty Right: 2a; left: 3
7 24 Female Class II Adv. IVROs þ genioplasty Right: 8; left: 8
8 33 Male Class II þ TMD LeFort I þ adv. IVROs Right: 4; left: 4
9 18 Female Class II Adv. IVROs þ genioplasty Right: 3.5; left: 3.5
10 35 Male Asymmetry LeFort I þ adv. IVROþIVRO Right: 3a; left: 4.5
11 23 Female Asymmetry LeFort I þ adv. IVRO þ IVRO þ genioplasty Right: 3a; left: 4
12 17 Female Asymmetry LeFort I þ adv. IVRO þ IVRO Right: 4a, left: 3.5
13 33 Male Asymmetry LeFort I þ adv. IVRO þ IVRO Right: 3; left: 3a
14 20 Male Asymmetry LeFort I þ adv. IVRO þ IVRO þ genioplasty Right: 5a; left: 5
Mean 26.9 5.5b
Adv. IVRO; advance IVRO with plate ﬁxation. Regular type denotes multiple-screw ﬁxation at both distal and proximal segment; boldface type, one-screw ﬁxation at the distal
segment; italic type: one-screw ﬁxation at the proximal segment.
a Setback IVRO without a plate ﬁxation.
b n ¼ 21 (Total advance sides).
Table 2
Postoperative assessment of surgical complications.
Postoperative complications (n ¼ 14) Time interval after operation
Clinical evaluation 1 wk 2 wk 1 mo 3e6 m 1 y 2 y
Malocclusion 0 0 0 0 0 0
TMJ dysfunction (including condylar depositioning) 0 0 0 0 0 0
Restriction of mouth opening 4 2 0 0 0 0
Nerve injury 3 1 0 0 0 0
Surgical site infection 0 0 0 0 0 0
Need for re-operation 0 0 0 0 0 0
Radiological evaluation 1 day 1 mo 3e6 mo 1 y 2 y
Progressive condylar resorption 0 d 0 0 0 0
Breakage of plates 0 d 0 1 1 1
Screw loosening 0 d 0 0 0 0
TMJ, temporomandibular joint.
Fig. 2.. Rigid plate ﬁxation with MOJ plate.
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7, 9, 11, and 14) (Table 1).
With an average follow-up of 3.6 years (range, 2e6 years), no
major postoperative complications remained at 1 month of post-
operative follow-up. There were no postoperative malocclusion or
progressive condylar resorption or TMJ dysfunction. No surgical site
infection was observed postoperatively. No patient needed
reoperation.
For all patients, radiographs revealed good TMJ seating and bone
healing and no evidence of complications, such as non-union/
mobility/resorption of condylar segments, or screw breakage or
loosening. A plate fracture was observed in one patient (9-mm
advancement) at 6 months postoperatively.
Regarding postoperative complications with long-term follow-
up, there were no major complications such as malocclusion,
temporomandibular joint (TMJ) dysfunction including condylar
positioning, screw breakage or loosening, or bone loss at the
osteotomy site between distal and proximal segments (Table 2).
4. Discussion
The present study was designed to evaluate procedures for
mandibular advancement by IVRO with endoscopically assisted
intraoral semi-rigid internal ﬁxation.
At a maximum 6-year follow up period, we have not observed
any patients with progressive condylar resorption, which is a
common postoperative complication after SSRO (Eggensperger
et al., 2006; Gill et al., 2008; Hoppenreijs et al., 1999).
Fig. 3. Plate fracture with multiple-screw ﬁxation.
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is simpler and safer than SSRO, with an easy condylar seating
procedure. Especially in patients in whom there is only a slight
amount of mandibular advancement (i.e., less than 9 mm), it is
possible to intraoperatively accommodate general IVRO (setback)
with this method (mandibular advancement by IVRO).Fig. 4.. Single-screw semi-rigid plate ﬁxation. (A) One-screw plate ﬁxation at tWhen mandibular advancement is achieved by advance SSRO,
bone interferences between the distal and proximal segments is
considerable, especially at the deviation side in patients with
mandibular asymmetry, and there are many cases in which
achieving appropriate correct condylar seating is difﬁcult. To pre-
vent such condylar dislocation as condylar yawing or sagging,
various surgeons have developed surgical procedures preventing
bone interference (McMillan et al., 1999; Muto et al., 2008; Yang
et al., 2010). However, by mandibular advancement by IVRO, less
bone interference between the distal and proximal segments leads
easily to an appropriate condylar seating with an appropriate semi-
rigid plate ﬁxation. In cases of incorrect mandibular seating during
two-jaw surgery, recovery of condylar remodeling is expected to
involve postoperative neuromuscular occlusal rehabilitation using
loose training elastics (Bell et al., 1983), and avoids the need for
reoperation in such cases.
In plate ﬁxation, the use of compact lock plates sometimes re-
sults in weakening (especially in patients with mandibular
advancement of 9 mm or more), so recently we have been using
MOJ system (Johnson & Johnson, Tokyo, Japan) plates, which are
stronger (Fig. 2).
There are several varieties of screw ﬁxation for the locking plate
in this procedure. Rigid ﬁxation with multiple locking screws is an
alternative for SSRO in moderate advancement cases. It has an
advantage of less TMJ damage without an axial rotation of the
condylar head; however, it has no passive condylar seating. We
have had only one complication, out of 21 surgeries, which was
plate fracture in this ﬁxation case (Fig. 3).
There are some plates with which we have recently controlled
intraoperative seating, with adjustable holes such as a sliding plate
or MOJ plate. However, evenwhen using such plates, postoperative
passive condylar seating cannot be done.
However, one-screw semi-rigid ﬁxations are good for passive
condylar seating. The procedure entails one screw being ﬁxed at thehe proximal segment. (B) One-screw plate ﬁxation at the distal segment.
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rigid, allowing vertical stability but antero-posteriorly passive
seating (Fig. 4A). On the other hand, the procedure may entail one
screw ﬁxed at the distal segment that is horizontally rigid but
vertically semi-rigid, allowing antero-posterior stability but hori-
zontal passivity (Fig. 4B).
In this study, the subjects can be divided into several groups:
Class II symmetry with multiple screw ﬁxation (patients 1e4);
Class II asymmetry with multiple-screw ﬁxation (patients 5 and 6);
Class II symmetry with one-screw ﬁxation at the distal segment
(patients 7e9); Class II asymmetry with one-screw ﬁxation at the
distal segment (patient 10); Class II asymmetry with one-screw
ﬁxation at the proximal segment (patients 11e14).
The operator can select a ﬁxation procedure according to pref-
erence, patient case by case. If a loose, non-locking screw is used
instead of a tight-locking screw, this will result in a much more
passive condylar seating.
As in general IVRO, postoperative occlusal control in mandibular
advancement by IVRO can be done just after operation. As in
setback IVRO, pitching of the proximal segment in mandibular
advancement by IVRO did not affect TMJ function.
5. Conclusion
In conclusion, the results of this prospective clinical investiga-
tion suggest that the procedures of mandibular advancement byIVRO with endoscopically assisted intraoral semi-rigid internal
ﬁxation offer a promising treatment alternative for patients with
skeletal class II malocclusion or facial asymmetry, by maintaining
good positioning of the condyle.References
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